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Case 2352

HOVEL EXPRESSION SYSTEMS UTILIZING BACTERIOPHAGE

~
T7 PROMOTERS AND GENE SEQUENCES.

It is now possible through the techniques of

genetic engineering to cause a host cell to produce

"heterologous" polypeptides, i.e., polypeptides which are

not naturally produced by that species of cell. A number

of mammalian polypeptides have been produced in E. coU

such as somatostatin, described by Itakura et al..

Science 198: 1056 (1977); the component A and B chains of

human insulin, disclosed by Goeddel et al., Proc. Nat.

Acad. Sci. USA 76_t 106 (1979); human growth hormone,

disclosed by Goeddel et al.. Nature 281; 411 (1980);

human fibroblast interferon, disclosed by Goeddel et al..

Nucleic Acids Res^ 8_: 4057 (1980); and human serum

albumin, as disclosed by Lawn et al., Nucleic Acids Rej~

9_; 6103 (1981).

in order to cause a host cell to produce or

express a heterologous polypeptide, a structural sequence

(also commonly called a coding sequence or gene) which

codes for a polypeptide is usually placed near a promoter

sequence which causes the gene to be read or transcribed

into messenger RNA (mRNA). The transcription of the gene

into mRNA is instituted when an enzyme known as RNA

polymerase contacts and interacts with the promoter

sequence; it thereafter moves along the gene to cause the
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infection of bacterial cells, e.g. E. coli, by this

bacteriophage the infected cell will almost immediately

begin to produce only T7 bacteriophage polypeptides to

the virtual exclusion of the host cell's own

requirements. This action is, in large, a consequence of

a very strong interaction between the bacteriophage T7

promoters and the bacteriophage RNA polymerase <T7 RNA

polymerase). In a related action, bacteriophage T7 DNA

is known to code for a protein which inactivates E^coli

RNA polymerase by binding to it, thereby reducing

transcription of E^coliDNA. It is due to these two

factors that the protein synthesizing machinery of

coli is given over almost exclusively to the production

of bacteriophage protein shortly after infection.

It would, therefore, be very useful if the

methods utilized by bacteriophage T7 to exclusively

direct synthesis of bacteriophage-required proteins could

be harnessed to direct the synthesis of polypeptides

which are desired for medical and diagnostic research,

and for other purposes.

A suggestion of the use of bacteriophage T7

promoters to direct the transcription of a cloned gene in

bacteria is contained in McAllister et al., J± Mol^_

Biol., 153: 527 (1981). This reference postulates that

the T7 RNA polymerase which would be required to initiate

the T7-promoter-directed transcription would have to be

supplied to the cell by infection or from the cloned T7

polymerase gene. The reference is silent as to any

specific method for achieving this result.

Supplying T7 RNA polymerase by infection would

seem to be of limited use since it is produced only

briefly during infection and does not accumulate to high

levels. Secondly, T7 bacteriophage infection would be

accompanied by natural competition of T7 RNA polymerase

for the cloned gene promoter and for promoter regions
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this method would not appear practical.
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Finally/ the authors state their belief that it

is unlikely that a sequence containing both the T7 Gene 1

translatable coding sequence and a T7 promoter region

could be cloned on the same plasmid. Their attempt to

place a promoter for T7 RNA polymerase into a plasmid

along with the T7 Gene 1 produced only arrangements in

which the promoter directs transcription opposite to the

direction needed to transcribe the polymerase gene.

Thus, although the potential benefits of

placing a foreign gene under the control of a T7 phage

promoter are understood, such a convenient non- lethal

method for providing the T7 RNA polymerase to a system

comprising a T7 promoter has not previously been

developed. The present invention provides a solution to

this problem.

A system such as this is capable of working

within any host such as various bacterial and yeast

strains and mammalian or plant cell-lines so long as the

synthesis of the T7 RNA polymerase is triggered by a

regula table host-specified promoter.

The invention therefore provides a method for

producing a heterologous polypeptide in an appropriate

host comprising culturing, under suitable conditions that

favor the expression of the heterologous polypeptide,

host cell's which contain a recombinant plasmid vector

that comprises a compatible inducible promoter region

which is followed by and is in the same transcriptional

direction (i.e. orientation) as the bacteriophage T7 RNA

polymerase genej and further which contain a

bacteriophage T7 promoter region which is followed by and

is in the same transcriptional direction as a structural

DNA sequence which specifies said heterologous

polypeptide; wherein said T7 promoter region and

structural DNA are on the above-mentioned recombinant

plasmid vector or on a second recombinant plasmid vector.
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opposite direction to that required to transcribe the

bacteriophage T7 RNA polymerase gene. We have obtained

good expression of the structural DNA sequence when the

bacteriophage T7 promoter region is oriented in the same

direction as or in the direction opposite to that

required to transcribe the bacteriophage T7 RNA

polymerase gene.

Moreover, we have obtained particularly good

expression of the structural DNA sequence by using

bacterial host cells, e.g. B. coli , comprising an

inducible bacterial promoter system.

A further feature of the invention is a DNA

fragment which comprises a bacteriophage T7 promoter

region which is coupled to and is in the same

transcriptional direction as a structural DNA sequence

which specifies a desired polypeptide. Such a DNA

fragment is preferably contained in a recombinant plasmid

vector which is suitable for transformation into a host

(e.g. bacterial) cell.

Another feature of the invention is a DNA

fragment which comprises:

a) an inducible (e.g. bacterial) promoter

region which is coupled to and is in the

same transcriptional direction as the

bacteriophage T7 RNA polymerase gene; and

b) a bacteriophage T7 promoter region which is

followed by and is in the same

transcriptional direction as a structural

DNA sequence which specifies a desired

polypeptide

.

Such a DNA fragment is preferably contained in

a recombinant plasmid vector which is suitable for

transformation into a host, e.g. bacterial, cell. In

particular, the bacteriophage T7 promoter region is

preferably oriented in the recombinant plasmid vector in
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the opposite direction to that required to transcribe thbacteriophage T7 RNA polymerase gene.
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0178863

-9-

The desired polypeptide may for example be a

naturally occurring polypeptide (e.g. an interferon) or a

functionally equivalent analog/ derivative on fragment

thereof.

A still further feature of the invention is a

recombinant plasmid vector comprising a bacteriophage T7

promoter region and, directly, preferably immediately,

downstream thereof, a poly linker sequence for insertion

of a structural DNA sequence specifying a desired

polypeptide.

Bacteriophage T7 DNA was extracted from wild

type phage T7 which can be obtained from several sources

including the American Type Culture Collection (stock no.

11303B7). The method of isolating the purified

bacteriophage DNA was essentially as described in T.

Maniatis et al., Molecular Cloning, Cold Spring Harbor

Laboratory, pp. 76-85 (1982). The DNA so obtained was

restricted with various restriction endonucleases to

yield the desired T7 bacteriophage promoters and

structural gene fragments (e.g., as described in Methods

Section herein). The complete bacteriophage T7 DNA

sequence is known; Dunn, J.J., and Studier, F.W., J^Mol^

Biol. 166; 497 (1983). The nomenclature utilized herein

is described in this publication.

The T7 promoters are recognized to vary in

their strength and have been allocated to three classes

on this basis. The strongest of these are the Class III

promoters, the class of promoters preferred for the

purposes of the invention. One of the Class III

promoters that regulates the expression of gene 10

protein (T7 010) has been utilized in the invention.

Quite unexpectedly, the lethality predicted in Proc. Nat.

Acad. Sci. USA , 81: 2035 (1984) for a system comprising

both the bacteriophage T7 RNA polymerase gene and a

bacteriophage T7 promoter region on the same plasmid was
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compatibility, i.e., their ability to co-exist in the

same host cell, depends on the process of replication and

partitioning employed by each of the vectors. Plasmids

that share at least one common step in either of these

processes would compete for maintenance, thereby leading

to plasmid incompatibility. For example, it is known

that pBR322, a Col El derivative, is compatible with

pACYC-184 [Chang, A. C. Y. and Cohen, S. N . , J. Bact ,

134; 1141 (1978).

As a first step towards the construction of the

dual plasmid system the lac UV5 promoter was cloned into

pBR322 such that a unique restriction site could now be

used to place a desired gene directly under the control

of the lac UV5 promoter. T7 Gene 1 was cloned adjacent

to the lac UV5 promoter at this restriction site, thereby

facilitating the synthesis of T7 RNA polymerase on

induction of the lac UV5 promoter by IPTG. The lac UV5

promoter constitutes two mutations in the RNA polymerase

interaction site, which make it independent of CAP-cAMP

regulation. The mutations have an enhancing effect on

the system of the RNA polymerase-gene and structural DNA

sequence, thereby leading to increased transcription of

the structural DNA sequence. This property makes it a

much stronger promoter than the wild type lac P. In

order to obtain a functionally viable system, the

expression of T7 RNA polymerase gene had to be tightly

controlled. Therefore, the plasmid was transformed and

maintained in a host strain comprising a chromosomally

located lac Iq repressor. This strain produces about 10

times more lac repressor molecules than does the wild

type lac I* strain. E. coli RB791 is a lac strain

which is available upon request from Dr. Barbara Backman,

E. coli Genetic Stock Center, Yale University School of

Medicine, New Haven, Connecticut.
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S INGLE PLASMID SYSTEM

The plasmid, designated pRRB20, containing the

lac UV5 promoter and T7 Gene 1 (described above) was

opened at a unique restriction site, blunt-ended, and the

fragment containing the phage T7 promoter and desired

gene (obtained from the pBR322-based clone described

above) was then ligated into the desired site. This

resulted in a single pBR322-based plasmid that carried

all the necessary functional entities for the T7

expression system. These plasmids, when transformed into

a iac- Iq-containing host, enabled the isolation of stable

clones. These clones, upon induction with IPTG, were

found to produce large quantities of the' desired protein.

In this single plasmid system, we encountered

plasmids which comprise the DNA sequence of T7 0UO and

desired gene oriented either in the same transcriptional

direction as the DNA sequence of lac UV5 promoter and T7

Gene 1, or in the opposite transcriptional direction.

Strains harboring both plasmid types are viable and show

utility.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the structure of pRRl9

containing the cloned 1136 base pair T7 DNA fragment

encoding the carboxy-terminal sequence.

Figure 2 shows the structure of pRR-lT7-39

which contains the entire coding sequence of the T7 RNA

polymerase gene and the T7 1.1A promoter sequence.

Figure 3 shows schematically the steps taken to

clone the lac promoter sequence. Two restriction enzyme

sites in pBR322 were changed. The Eco RI site was filled

in and then religated creating an XmnI site resulting in

p804-l. Subsequently in p804-l, the Ndel site was filled

in and an Eco RI linker sequence was ligated into the

site creating p804-RI. The lac promoter sequence, which

existed as an EcoRI/PvuII fragment, could then be cloned



01 788

-14-

Figure 4 shows the conshn.nf^
containing the T7 rna ,

C°nStructlon °* * plasmid

done the iff^f "» SteP"i3e — »
sequence into™" ^"i"9 "» 17 -» *

rr -u. .e ,estrictlen cr-rjsr: 1-

llSHES 7. shows how pRR-2T7-3«; «a »
size by cleaving out the Clal^nn 71 ^ ln

1B-2T7.
ClalApnl fragment forming pRR-

li£U£f_l shows how the Ndel sit.^ *
was changed to a BamHI site.

°f pRR-lB"2T7

used to clo^7Iene
SC

2

e

r
tiCally^clone T7 Gene 2 in tandem with the T7 r—. ,<*ne 1 wa, oloned agal „

* " "»« «
1.C with the Nation to»i„3 pRR. T

"
Xac>«ere„ce hetween pRR-lT7 lac

>
„
^» *• «•

that PRR-1T7 Up c ^ IFig. 5) ls

PXX7L

P

3 haTan
1
'

c S".^^*^ 1- <*«•

P«-iT7 lac 5 as a Pstl/Ba^HI f ^ tato

with restriction e„ 2yire Eoo ^" ' 2 ~ * ^t.d

78 t.

"t9 '"re ~ Shows "ructnre of DAC—1T7G2

Bco *— - « oTnLTat 3«x restriction fragment from pRR-lT 7G2 1^ 7 • .Eco Ri restnVn«n ^
'va* lac 7 lnto therestriction site of pACYC 184.

Starting with the T7 genomic DNA a series of



0178863

-15-

restriction enzyme digestions were made to obtain the 340

base pair fragment containing the T7 Gene 10 promoter.

This was cloned with a fragment derived from pBR322. Tht.

plasmid isolated, pRR-T701O-18 can be opened at the Ndel

site so that any gene can be cloned into a position

allowing the T7 promoter to direct its expression in the

presence of T7 RNA polymerase.

Figure 12 schematically depicts how the T7 Gene

10 promoter was cloned in front of the alpha-2 interferon

gene. The plasmid construction shown, pRR-T701O-IF, has

the alpha-2 interferon gene in a position to allow its

expression by T7 RNA polymerase under the control of the

T7 Gene 10 promoter.

Figure 13 shows schematically how pRR-T7(2UO-lF

was digested with Rsal and cloned into pACYC 184 as a

blunt end fragment. pAC-pflOIF-2 consists of a T7

promoter directing the expression of a heterologous gene

in a pACYC 184 vehicle which is compatible with pBR322 in

the same cell.

Figure 14 shows how a variety of clones were

generated by digesting the T7 gene Eco RI fragment of

pAC-lT7G2-78 with Bal 31. The enzyme was allowed to

digest through the lac promoter region into the pBR322

DNA intervening between the promoter and the start of the

T7 Gene 1 coding region. A pool of variable length

fragments was then created by digestion with BamHI.

These fragments were cloned adjacent to an intact lac_

promoter by insertion into a fragment obtained by

digesting p804-RI lac with PvuII/BamHI. A variety of

clones were isolated. One of them, pRHB20, was used in

the two plasmid system and is shown in the Figure 14.

Figure 15 shows schematically the single

plasmid system. A blunt end, Rsal fragment containing

the T7 Gene 10 promoter - alpha 2 interferon complex was

cloned into the Hind III site of pRRB20 which had been
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blunt ended. pBRB20IF-23 was isolated ^ t

T7 single plasmid system is illustrated.
Figure 16 depicts the construction of the

Plasmid PRRB20C fro. pRKB20lF-23 and pKG-2. AhaIII/EcoRI
restriction fragments were isolated from each plasmid
PRRB20IF-23 donated T7 Gene "

1 to „ .

P^smid.
^ene i to the construct and thefragment used from pKG-2 contained the tetracycline

resistance gene and the coo_ts origin . This f
shows how the T7W0-.2I™ fragment from PRSB20IF-23 wascloned into the Ahain restriction site. The fragment
used was an Ahalll restriction fragment, and two Ahainsites were recreated upon insertion of the DNA
PRRB20CIF-2 was an isolated construction in which thereading orientation of the T7 Gene 1 and T7 Gene 10
promoter-lFN complex were in the same 5' to 3' direction.

;

Flgure 17 is * g«ph that depicts the effectsof rifarapicm on interferon production in E coli
D1210/pRRB10lF-23. IPTG was aHHDH
, „ k

ras added at a concentration of2mM at zero time and the cells were incubated at 37°CRifampicin (100 ug/ml ) ,„ added where indicafced
arrows (i.e. at 1.5, 5 and 6 hours).

Key to the graph is as follows: 0: IFN levelprior to rifampicin addition; X: IFN level in the
culture when rifampicin was added at 1.5 hrs; •: IFN
level in culture when rifampicin was added at 5 hrs; ©:IFN levels in culture when rifampicin «aS added at 6hours

.

Figure 18 shows how pRRT7plO-Xu2 was
constructed by cloning a fragment containing the T7 Gene
0 promoter into pMTlls. The promoter was positioned sothat the umgue restriction sites of the polylinfcer were

to the reading orientation of the promoter.
Figure 19 shows the construction of pRRTMJJlO-M«2-l by insertion of the murine alpha-2 IFN gene into
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the Sma I site of pRRT70flO-Xu2. The murine alpha-2 IFN

gene was cleaved from pTRG305-l with Ava I and EcoRI

restriction enzymes. The ends were blunt-ended by the

Klenow reaction and the fragment was cloned into the

blunt-ended Smal restriction site of pRRT01O-Xu2.

Figure 20 shows how the murine interleukin 3

(IL-3) was cloned into pRRT7?10-Xu2. pTRP-Cll containing

IL-3 was digested with Clal enzyme and the site was

filled in by the Klenow enzyme. The IL-3 gene was

cleaved from the plasmid with Hind III and isolated by

agarose gel electrophoresis. pRRT701O-Xu2 was prepared

by digesting with Smal and then Hind III. The IL-3 gene

was then ligated into the vehicle and pRRT7pU0-IL-31 was

isola ted.

Figure 21 depicts the construction of pRRB20-

MIF-215 and pRRB20IL-33. In each case a DNA fragment

containing T701O and murine gene was cleaved from the

vector by digestion with Clal and Hind III. pRRB20 was

similarly digested with Clal and Hind III and then

treated with calf intestinal alkaline phosphatase? the

T70UO and murine gene fragments were then ligated in,

resulting in the cloned plasmids pRRB20-MIF-215 and

PRRB20IL-33.

MATERIALS AND METHODS

Bacterial Strains.

E, coli 294, a K12 derivative, was used as a host for all

clonings except when T7 genes were placed under lac

promoter control and in DNA sequence analyses

experiments. The genotype of E. coli 294 ( end A~, hsd

jC , thi" , pro" ) was described by Bolivar and Backman,

1979. E. coli D1210 (a derivative of E. coli HB101) was

used as a host in cloning where T7 genes were placed

under lac control. This strain was described by Sadler,

et al., 1980, and contains chromosomally located lac Iq
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fflU Geneve Stock Center. Iale „ni „ersity School
~

P«uuu (lac 1^), lac z p4008 (lac L8> i TH/
P x , . w

H MO US2.I.8J, iN(rrn D - rrnE
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I, (R.B. Brent and M. Ptashne imii
was u.*h * i -

^snne, 1981). e. coli (JM103)was used for clonxng with M13 in order to seance theintervening region between *-h« i =
M tne

T7 Gene 1 ThL ~ pr°moter fragment andGene 1. ThlS organxsm was described by Messing,
1979. its genotype is A Uac, pro,, thi", str A, end Asbc B15, hsd R" sup E, F ' tra n 3fi „™ 7+~ + ~ '
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' F ^i^^roA^B +^zq,

Growth Medium.

liter H20) and »s supplemented with appropriate

M.B/kl or tetracydine HCl. 20„^Bl ,. Both antibioticswere purchased fro. Sigma Corp.
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Prepara tion of n phage rwa .

ST*
1

!Triopha'e 1,33 obtai°ed «- <h° » -»
descr hT^

3 PU esae""a»V by the methods

Urncl ^
"a " latlS " 1982

'
f°' -""ioPh.Belambda except that the T7 Ka„f„< u

r™» •

bacteriophage were spun at 30Krpm overnight in a 70.1 Ti rotor Tho
ft

Csn mo n D1
1 rotor. The concentration ofCSC1 was O.Blg per 1 ml of phage suspension>

Plasmid vectors and other —etic elements
A number of cloning vehicles were used; pBR322

PM

S

T

U

nc
iffe

;

1979)? PACXC 184 (Chang a "d Cohe"' "78),PMT11S; and pKG-2. p„T11S (provided by H. Huang and K.Moore DNAX Research Institute, Palo Alto, California) is

egTn:r
tive

, h
°?BR322 containin9 a 66 **begxnnxng with base pair 1 of the Bco Ri restriction
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site. The entire 2275 b.p. DNA sequence is known. pKG-2

was constructed by K Gewain, Schering Corp. It is a

hybrid plasmid derived from pBR322 and PVU208 (Hakkaart

et al. , 1981). Pstl/Aval fragments from each plasmid

were ligated so that the pVU208 plasmid donated the 3'

ts
end of the ampicillin resistance gene and the cop

origin. The 5' portion of the ampicillin resistance gene

and the entire tetracycline resistance gene were donated

by the pBR322 fragment.

The lac promoter ( lac po) was originally

described by Backman et al., 1976, and was originally

derived from pKB252. The amino- terminal portion of T7

Gene 1 was isolated from pT7-13 (Stahl and Zinn, 1981),

which was a gift from S. Stahl. The murine alpha-2

interferon sequence used was that isolated and

characterized by Shaw et al., 1983. The murine

interleukin-3 gene used was the sequence isolated and

characterized by Yokota et al., 1984.

Testing of RRB strains for production of alpha-2

interferon in the dual plasmid system .

E. coli D1210 recombinants that contained the human

alpha-2 interferon coding nucleotide sequences under T7

promoter control were tested for human alpha-2 interferon

synthesis in the following manner. The recombinant

organisms were streaked on 20-10-5 agar plates containing

lOOug/ml ampicillin and 20ug/ml tetracycline HC1 and

incubated overnight at 30 °C. In the morning, a 5ml

suspension of cells in 20-10-5 broth was made from a

plate scraping. The cell suspension was immediately

diluted into 50 ml of 20-10-5 containing 30ug/ml

ampicillin and 20ug/ml tetracycline in a 250 ml

Erlenmeyer flask. The flasks were shaken at 250 rpm in a

New Brunswick microtherm water bath shaker at 37 °C. The

cell turbidity was monitored with a Klett-Sommerson
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colorimeter at wavelength 500 nm (green fllt,r , „ w
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Mercaptoethanol, 5M Urea? pH 7.0). The suspension was

heated for 1 minute at 90 °C and then diluted with cold

phosphate buffered saline (PBS) to the original volume.

The samples were vortexed and centrifuged in a Brinkman

microfuge for 1 minute. 0.1 ml aliquots were withdrawn

for dilution and subsequent assay.

The alpha-2 interferon protein is characterized

as having an antiviral activity of at least 1 x 10'

units/mg as determined by the cytopathic

effect/inhibition assay employing EMC virus and human

foreskin cells (FS-71) performed essentially as described

in a publication by Familletti et al., 1981, using as a

standard the NIH/WHO natural leukocyte interferon

standard 69/19.

Enzymes and enzyme reactions .

All enzymes and linkers, except for Exo VII, were

obtained from New England Biolabs, Inc., Beverly,

Massachusetts. Exo VII enzyme was obtained from Bethesda

Research Laboratories, Inc., Rockville, Maryland. The

reactions were carried out essentially according to the

specifications in the manufacturers 1 catalogs.

Electrophoresis and DNA isolation techniques.

Agarose gel electrophoresis and polyaery lamide gel

electrophoresis techniques were carried out essentially

as described by Maniatis et al., 1982. Isolation and

recovery of DNA fragments from agarose or polyacry lamide

gels were performed generally as described by H.O. Smith,

1980.

Large scale and small scale (mini) preparation of

plasmids

The preparation technique used throughout this work for

the large scale isolation of plasmids was the alkaline-
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SOS lysis method essentialiy as described in „a„iatis eta±. f iy82. Large number*? of /o„y .iumoers of clones were also screen^= s..--:r—:™ ssr -
"ere generaUy obtained fron . „

Transformation procedure

ZeZT, " Perform.essenUally as described by Dagert and Ehrlich. 1979.

DNA Sequent in^

The sequence o£ the promoter region of pRRB 20 ras

of »e„ England Biclabs, Beverly Ma. , „hlch ...."J
"

•M ». sequencing techniques described by Sanger et al.

17 and PBR322 geno-. location.
Locations given for restriction enzyme sites and for

£TIT 9SneS
°" 17™ «• "«.™lned fromthe sequence published by Dunn and studier, 1983"-cations i„ this report are defined by the base^ir

uX s"T
a0COrd1"9 t0 C°nVe"tl°n °£ ^veauthors Locatxons for restriction enzyme sites and basePair numbers in pBR322 are defined by the sequencedescribed by Maniatis et al., 1982 .

Murine interferon a...y

The sample generation and assay procedures for murine

hi Th

lnt6r£er0n
"ere iden"" 1 <° «»* used f r thehuman alpha-2 interferon assay, except that the ceUs-Ployed in the inhibition assay were L929 murine
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SDS-Polyacrylamide Gel Electrophoresis .

SDS-polyacrylamide gel electrophoresis was performed

according to Laemmli, 1970. The running gels were 15%

acrylamide and the stacking gels 6.6%. The samples were

electrophoresed at 20 mA constant current until all of

the samples entered the running gel, at which time the

current was increased to 35 mA.

RESULTS

Cloning T7 Gene 1 (T7 RNA polymerase). The T7 RNA

polymerase gene begins at b.p. 3171 and ends at b.p. 5820

of the T7 genome. The entire gene was assembled from two

fragments cloned separately. The carboxy terminal end of

the gene was cloned directly from T7 genomic DNA, as

follows: The T7 genome was digested with Mbo I, and an

8311 b.p. fragment was isolated by agarose gel

electrophoresis. This fragment was subsequently digested

with Nci I. Nci I sites at b.p. 2660 and b.p. 7589

yielded a 4929 b.p. fragment which was isolated by

agarose gel electrophoresis. This fragment was then

further digested with Hae III. A 1136 b.p. fragment,

representing the T7 genome from b.p. 4744 to b.p. 5880

and encompassing the T7 RNA polymerase 1.1A promoter, was

isolated by agarose gel electrophoresis.

Construction of pRR19: pBR322 was digested with Bam HI,

and the site was filled in-Vith DNA polymerase I large

fragment (Klenow fragment). The blunt-ended 1136 b.p. T7

fragment was then ligated into the Bam HI-

digested/f illed- in/blunt-ended fragment derived from the

plasmid pBR322, and the ligated fragments were

transformed into E. coli 294. The combination of the

filled-in Bam HI site and the Hae III site recreates a

Bam HI site, which was used as a marker to screen clones
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for the presence of the h ~ <r

ienl . .

ne 1136 b 'P- fragment. prri 9 wasisolated in this way (Finur<=> i\ .

the DBR322 plasmid.
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3 «- «i,in.I promoterfragment existed as a 203 b.p. „ae III fragment and is
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thisconstruction consisted of a 19* k « *
bv p™ dt „

' P * fra9ment bracketedby Eco Ri and Pvu II sites, it was constructed asfollows: pKB252 was digested with Eco Ri and the
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fragments were separated on a 10%-40% glycerol gradient

which was run for 24 hours at 24K rpm in an SW 27

rotor. The small fragment was collected by pooling

several gradients and was then digested with Alu I.

pBR322 was digested with Eco RI and Pvu II and the large

fragment containing the origin of replication and the

ampicillin-resistance gene was isolated by agarose gel

electrophoresis. The recovered pBR322 DNA was then

ligated to the Alu I digested small DNA fragment and the

ligated mixture was transformed into E . coli 294 and

plated on 20-10-5 agar plates containing ampicillin and

5-brorao-4-chloro-3-indolyl-6-D-galactoside. Of the

screened clones, one had a 125 b.p fragment. The

nucleotide sequence of the cloned 125 b.p. fragment was

determined to be the following:

GAATTCCAGTGAATC CGTAATCATG GTCATAGCTC ACTCATTAGG

CACCCCGGC TTTACACTTT ATGCTTCCGG CTCGTATAAT GTGTGGAATT

GTGAGCGGTA ACAATTTCAC ACAGGAAACAG

The 125 b.p. fragment was cloned into the Eco RI/Pvu II

region of p804-RI which was constructed from pBR322

(Figure 3). In this scheme, the original pBR322 Eco RI

site was filled in and religated (creating an Xmn I

site), and Eco RI linkers were inserted into the filled-

in Nde I site. After insertion of the 125 b.p. lac po

fragment, the resultant plasmid was designated p804-RI

lac (Figure 3 bottom).

Cloning T7 Gene 1 under lac po control (refer to Figure

4). pRR-lT7-39 was digested with Tthlll I, the digested

site was filled in, and the plasmid was then digested

with Pst I. The T7 gene fragment was isolated by agarose

gel electrophoresis. p804-RI lac was digested with Pvu

II and Pst I. The fragment containing the lac po and the
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origin of replication was isolated by agarose gel
electrophoresis and ligated to the isolated pRR- II7.39 T7

omo Vm°nt
- ^ mA — into C. coli

^.coli^ D1210 cells carryina dRR-it7t 7
,ni(15 .

trymg PRR-1T7L-3 did not grow on20-10-5 agar in the presence of isopropyl-B-o-

was

i0

InnL
C

ir
ide

/
IPTG)

'
SU"eStin9 that T? G™ 1was inhibitory to EU_ coH cells. This was tested in anexper ment in which Iptg was added to broth cultures

containing cells harboring T7 Gene 1 under lac pocontrol, when cells growing in the log pha^Tat 37- wereinduced with IPTG, there was a gradual cessation ofgrowth followed by a death phase. The onset of the death
"

Phase is even more pronounced at 42°C. IPTG (2mM)
containing agar plates were subsequently used to
initially screen for any recombinant constructions inwhich T7 Gene 1 was under the Jac po control.

T1 Gene 2 '
-

T? Gene 2 i- heated fro. b.p.
8898 to b.p. 9090 of the T7 genome. The protein's
function is to inactivate the host RNA polymerase. The

flZT ""^T
fra9Went

°f ^ T? 9en°rae
'
Which -tendsfrom b.p. 7579 to b.p. 10309 and encompasses T7 Gene 2,was isolated by agarose gel electrophoresis. The

isolated DNA was then further digested with Hinc II. TheHinc II restriction sites at b.p. 8765 and b.p. 9277
bracket T7 Gene 2. Thi« k ~ *ne mis 512 b.p. fragment was isolatedby agarose gel electrophoresis.

The cloning vehicle was prepared from pB R322. The
Plasmid was digested with Pvu II and Ava I. The large
fragment containing the origin was isolated by agarose
gel electrophoresis. The flush-ended 512 b.p. T7
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fragment DNA was then ligated to the flush end (Pvu II

site) of the pBR322 fragment; the Ava I end- of this

fragment remained free since it had a four-base single-

strand overhang (Figure 5). The ligation was stopped by

heating at 65 °C for 10 min. and the DNA was recovered

after precipitation with 2 volumes of ethanol. The

pellet was redissolved in TE buffer and the solubilized

DNA was then digested with Nru I (cleaving at a unique

site in pBR322) which also leaves a flush end. The

restricted DNA was run on an agarose gel. Bands in the

appropriate linear size range were cut out and

isolated. These linear DNA fragments were separately

recircularized by ligating the blunt ends together and

each was transformed into E. coli 294. Clones from each

of the transformations were screened by cutting plasmid

DNA with Kpn I, cleaving at a unique site within the 512

b.p. fragment region (b.p. 9190 of the T7 genome). One

of these transformations yielded a clone which on further

inspection proved to contain the 512 b.p. DNA fragment in

the orientation shown in Figure 6. This plasmid was

named pRR-2T7-35.

Unnecessary DNA was removed from this plasmid prior to

combining gene 2 with T7 Gene 1. This unnecessary DNA

was the pBR322 DNA between the Cla I site and the T7 Kpn

I site, and it was removed as follows: pRR-2T7-35 was

digested with Cla I and Kpn I, and the large fragment was

isolated (Figure 7). This DNA fragment was treated with

the Klenow enzyme. In this reaction, the Cla I site was

filled in, and the Kpn I site, which has a 3 1 overhang,

was blunt-ended. The two blunt ends were then ligated,

and the plasmid DNA was transformed into E. coli 294.

The clones were screened by digesting the DNA with the

enzyme Hae III. From these clones, pRR-lB-2T7 was

isolated (Figure 7).



0178863

-28-

For the transfer of T7 Gene 2 to the T7 Gene 1 system,
Bam HI linkers were inserted into the Nde I site of pRR-
1B-2T7. This was done as follows: The plasmid was
digested with Nde I, and the site was filled in with the
Klenow fragment. The filled-in site was then, treated
with calf intestinal alkaline phosphatase (CIAP). 5 «-

Phosphorylated Bam HI linkers were ligated into the blunt
ends and the ligated DNA was transformed into E. coli
294. The clones were screened by digesting plasra id DNA
with Bam HI. pRR-9B-2T7 was isolated and used in
subsequent T7 Gene 2 experiments (Figure 8).

T7 Genes 1 and 2 ( and the iac promoter were combined and
cloned into pACXC 184 by the following scheme (Figures 9
and 10). p804-Rl .lac was digested with Pvu II and Bam
HI. The fragment containing Uc po was isolated by
agarose gel elecrophoresis. pRR-m-39 was digested with
Tthlll I, and the site was filled in with the Klenow
reaction. Bam HI was used to remove the fragment
containing T7 Gene 1. After isolation by agarose gel
electrophoresis and subsequent ligation to the above
prepared P804-RI lac vehicle, the resultant plasmids were
transformed into coli D1210. Clones were initially
screened by looking for the absence of growth on IPTG
containing agar plates relative to control plates. From
these clones, pRR-lT7 he 5 was isolated (Figure 9
center)

.

PRR-1T7 iac 5 and pRR-9B-2T7 were digested with Pst I and
Bam HI. The fragments containing T7 Genes 1 and 2,
respectively, were isolated by agarose gel
electrophoresis, ligated together, and transformed into
Jb. coliD1210. Clones were screened by digesting plasmid
DNA with Eco RI. From this screen, PRR-lT7G2_lac 7 was
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isolated (Figure 9 bottom). The Eco RI fragment

containing lac po and T7 Genes 1 and 2 was digested out

of DRR-1T7G 2 lac 7 and cloned into the Eco RI site of

pACYC 184; the resulting plasmids were transformed into

E. coli D1210, using the pACYC 184 tetracycline

resistance marker for selection. One such plasmid was

designated pAC-lT7G2-78 (Figure 10).

Cloning the T7 gene 10 promoter. The T7 Gene 10 promoter

is a strong promoter regulating the synthesis of at least

two genes; Genes 10A and 10B, both of which code for T7

bacteriophage head proteins. This promoter is recognized

only by T7 RNA polymerase in the E. coli-T7 phage

system. The promoter is located at b.p. 22,903 of the T7

genome. This sequence is bracketed by two Nci I sites

(b.p. 21,839 and b.p. 23,192).

When Nci I enzyme was used to digest the T7 genome, a

1353 b.p. fragment was obtained containing the

promoter. After isolation by agarose gel

electrophoresis, the fragment was further digested with

Hinc II and Nde I to give a 342 b.p. fragment resulting

from cuts at b.p. 22,622 and b.p. 22,964 of the T7

genome. The Nde I site contains the ATG start codon of

gene 10A at b.p. 22,966. This 342 b.p. fragment was

isolated by polyacrylamide gel electrophoresis and, after

purification, was cloned into a pBR322 vehicle digested

with Eco RI and Nde I. The Eco RI site was filled in

with the Klenow fragment prior to the Nde I reaction

(Figure 11). The ligation mixture was transformed into E;_

coli D1210. Clones were initially screened by digesting

mini-preparations with Xba I since there is a unique Xba

I site in the T7 342 b.p. fragment between the promoter

and the ATG codon at b.p. 22,926. From this screen, pRR-

T0UO-18 was isolated (Figure 11).
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Connecting the aloha-, oene ^ ,

h

PrTter " TO test th* •»«« expression system, thealpha-2 interferon gene (alpha-2 m , „„ chosen- TheGene 10 promoter was cloned into pBTIF-13, which is aPBR322 derivative with the alpha-2 re g,ne cloned betweenhe Ba. hi/pvu n sites, it u „te the oontrol Qf
"

tryptophan promoter which is located between the Eco Rlsite and the Bam HI site in this plasmid. Fi3ure jj
illustrates the cloning scheme and shows th9 fragme„ts
assembled. pRR-T70ao-18 ras dlgested „lth Hde ^
site « filled in with the Rlenow fragment, further
digestion was carried out with Pat I ann -uwun Kt I ' and the promoter-
containing fragment was isolated by agarose gel
electrophoresis

.

PBTIF-13 was digested with Bam HI, the site was blunt-
ended using Exo VII, further digestion was carried outwith Pst I, and the fragment containing the alpha-2 IF
gene isolated by agarose gel electrophoresis. The
promoter and IP gene fragments were ligated and
transformed into E^coU D1210. pRR-T7piO-lF was
isolated (Figure 12) by screening for a unique
Xba I/Bgl II fragment creafced by fche juncfcure between
T7 Gene 10 promoter and the alpha-2 IF gene.

Cloning the TTglOlF fragment to eACje "M The fragment
containing the T7 gene 10 promoter and alpha-2 IF gene
was cloned into pACYC-184 in the following scheme (Figure
13). This fragment is bracketed by two Rsa I sites presentin the pBR322 portion of PRR-T7pri0lF (originally located
at b.p. 2282 and b.p. 3847 of pBR322). when digested
with Rsa I, PRR-T70T1O-IF yielded a blunt-ended fragment
approximately 1880 b.p. in length. pACYC-184 was
digested with Eco Rl, the site was filled in by the
Klenow reaction, and the ends were then treated with calf
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intestinal alkaline phosphatase; the product was then

ligated with the Rsa I fragment isolated above and

transformed into E, coll D1210. The clones were screened

by restriction analysis with Xba I enzyme. pACYC-184 has

a single Xba I restriction site, and since one exists in

the T7 promoter region of the Rsa I fragment, two bands

were observed using this screen. pAC-plOlF-2 was

isolated along with other clones.

Since blunt-ended ligation was used to construct pAC-

01OIF-2, two orientations of the Rsa I fragment were

possible. The screen indicated that some plasmids had

one orientation, other plasmids the other orientation; so

the orientation of pAC-plOIF-2 was determined by

performing restriction enzyme analysis with Xba I and

Bam HI. The T7-0UOIF fragment was oriented in the

clockwise direction according to the map shown in

reference 7 (See Figure 13).

Improvement of the expression of the T7 RNA polymerase

gene. After analysing the expression of the T7

polymerase (measured by the production of alpha-2

interferon), improvement in expression was made by

treating the Eco RI T7 Gene 1 and 2 fragment of pAC-

1T7G2-78 with the enzyme Bal 31 (Figure 14). The pBR322

DNA that separated the lac po element from the T7 DNA

cloned from pT7-13 was removed in varying amounts by

setting up the Bal 31 reaction so that approximately 400

base pairs would be removed from each end of the DNA

fragment over a thirty minute time period. Samples were

taken every five minutes and in this way a pool of

fragments was created. After purification of the DNA,

the fragments were digested with Bam HI.
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frail , T ^ P°01 °£ "-"-endedfragments of varying le„gths „„ jolne(j ^
propter The ltga tio„ poo! was transform intTI. coli

and E ^
63

"eCe SC"ened * "•-"»« »ith^,~and Eco „. An Xmn! restriction site exists 38 b p«er the ATG * the T7. eka polyBerass gene .«. co Er/Xmnx fragme„ts c„ated ^ * ° e

Bal 31 Pool to the .lac po were of various lengths owing

f- r . P
*

t?a oTp
of

crs tra9n,ent *ich ~»-
.p. to 260 b.p. clones were designated dRRB

Zziviir^ in soreen
-

°ne^represent^ different Eco Rl/xmnI fragment sises weret ans£ KUh (Fig<jre w taste(j

»ere

alpha-2 interferon production upon induction by iptgThe results shown in Table 1 demonstrate the 1PTGinducible production of alpha-2 interferon by the strain

r„terT
9 PRSB2°- T"ere WS

=
Sl«" 1£l«" t i-rease I

m indT "
°Ver SiX h°Ur *"» ^ ">eIPTG-induced culture while the uninduced culture showedno significant increase in Interferon activity.

s

T

e

h

l!
CO frS9ment "tenting «- nucleotideen fr„ the Eco „ site in the lac po region to theXmnl site located 28 b.p. after the ATG start codon o,

n™h
P
!
lyB9" se ^"e was sequenced to determine thenumber of nucleotides removed by the Bal 31 digestion

helnt
tlMt taSe °° L" 2219 th""Sn 21,6 othe intervening pBR322 DBA were removed by the Bal 31digestion. Therefore, the pBR322 DNA sequence that

crar\
S

.

the— PrOTOteC fc0m thS 17 ™» in the pRRB20construction runs from b.p. 2197 to b.p. 2087 of thePBR322 sequence.
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Cloning the fragment containing the T7 gene 10 promoter

and alpha-2 interferon gene into pRRB20 (Figure 15 ).

pRRB20 was digested with Hind III and the site was filled

in with the Klenow enzyme. The DNA was precipitated with

ethanol, resuspended in the appropriate buffer and

treated with calf intestinal alkaline phosphatase. The

DNA was isolated by agarose gel electrophoresis.

pRR-T7J?10-IF was digested with Rsa I and the fragment

containing the T7 gene 10 promoter and alpha-2 interferon

gene was isolated by agarose gel electrophoresis. This

fragment was ligated with the pRRB20 plasmid prepared

above and the ligated DNA was transformed into E. coli

D1210. Cloned plasmid DNA preparations were screened by

digesting with Xmn I. After the initial screen, the

construction was confirmed and the orientation was

determined by digesting the clones with Xba I, a unique

site in the T7 promoter, and with Nde I f a unique site in

the T7 RNA polymerase gene. From this study, strain

pRRB20IF-23 was selected as the prototype.

Testing the PRRB20IF-23 system for production of alpha-2

interferon. pRRB-20IF-23 was transformed into E. coli

RB 791 and E. coli D1210. Both strains contain a

chromosomal lac Iq mutation. Induction experiments were

run as described for the single plasmid system in the

Methods section. The cells were grown at 30 °C to cell

densities of Klett 200 and then induced with IPTG at a

final concentration of 5mM. At this time, the incubation

temperature was raised to 37°C for the remainder of the

experiment. Triplicate 1 ml samples were taken at two

hour intervals and a final set of samples were made after

continuous incubation overnight (about 20 hours post-

induction). Table 2 shows the results of a typical

experiment for each strain. The data demonstrate that
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there was a steady accumulation of alpha-2 interferon in
the IPTG-induced cells. There was a 38-fold difference
in the Bs. coll M210 host strain and a 30-fold difference
with e. coli rb 791 host strain.

A Contruction in which the T701O

ition

-Directed. Gene is in fha

the lac Promoter T7 Gene 1

The versatility of the single plasmid system and utility
of the various elements in different combinations and
genetic orientations was demonstrated by the construction
of the PRRB20C clones. Figure 16 demonstrates how
PRRB20IF-23 and PKG-2, a hybrid cop^s cloning vehiclef
were digested with the restriction enzyme Aha III and
then with Eco RI. From PRRB20lF-23, the DNA fragment
containing the ^ac po and T7 Gene 1 expression system was
isolated by agarose gel electrophoresis; and from PKG-2the DNA fragment encompassing the origin of replication
and the tetracycline-resistance gene was isolated by
agarose gel electrophoresis. After ligating the
appropriate DNA fragments and transforming coli D1210
with the ligation mixture, clones were isolated and
screened by digesting plasmid DNAs with the enzyme Bam
HI. The close Ei.coUD1210/pRRB20C was further
characterized by digesting with Aha in. Aval, EcoRl and
Kpnl (Figure 16).

A blunt-ended DNA fragment containing the
T701O-heterologous gene can be cloned into the single
Aha III restriction site (a blunt-end restriction
cleavage) with the possibility of obtaining clones whose
5 to 3' reading orientations ran in either of the two
directions. To demonstrate this, PRR20lF-23 was digested
with Ahalll, and the fragment containing the T7 gene 10
promoter and alpha-2 interferon gene was isolated by
agarose gel electrophoresis. prrb20C was digested with
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Ahalll and Lhcn treated with calf intestinal alkaline

phosphatase. The fragments containing the T7 promoter

and the interferon gene were ligated with the pRRB20C

vehicle and transformed into E_. coli D1210. Fran the

clones screened, several clones of each orientation,

i.e., the same as or opposite to the 5' to 3' direction

of the T7 Gene 1 transcript, were isolated. The

orientation was confirmed by the size of the Aval/Aatll

restriction fragment. Two clones, one of each

orientation, were grown in flask cultures and induced

with IPTG to demonstrate production of alpha-2 interferon

by the T7-RNA polymerase. Clone pRFB20CIF-2 has its T7

Gene 10 and alpha-2-IFN gene sequence in the same 5' to

3' reading orientation as the lac po and T7 Gene 1

sequence. Clone pRRB20CIF-ll has the two sequences

arranged in opposed orientations (Fig. 16). The

induction procedure for these two cultures was the same

as that used for the pRR20IF-23 clone except that the

initial temperature was 30 °C instead of 37 C. The

temperature was shifted upon induction with IPTG to 42 C

for 1 hr and then back to 37°C for further incubation,

since the replication origin of the plasmids (see Fig.

16) was a temperature sensitive cop-mutant which is

lethal to the cells at elevated temperatures (Haakkaart

et al.), owing to the very high copy number of the

plasmid. As can be seen by the data in Table 3 the

plasmid system is inducible in either orientation. The

fact that the promoters in pRR20CIF-2 were all situated

in the same 5' to 3' orientation did not alter the

inducibility or the stability of this single plasmid

system.
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transcriptions. However, T7 RNA polymerase, being

insensitive to Gene 2 protein, can continue transcribing

until the host machinery is exhausted. This system

therefore has the potential of yielding heterologous

protein in a highly concentrated form.

Construction of a T7 010 Promoter Vector with Multiple

Cloning Sites

To facilitate the cloning of other heterologous genes

adjacent to the T7 Gene 10 promoter, the promoter was

cloned into pMTHS so that the polylinker DNA of this

plasmid was directly downstream of the T7 promoter.

pMTHS (H. Huang and K. Moore, DNAX Res. Inst., personal

communication), a general cloning vector, contains a

polylinker sequence that has recognition sequences for

the following restriction enzymes: EcoRI, Smal, BamHI,

Sail, PstI, Bglll, Xbal, Hindlll. pRRT701O-18 (Fig. 17)

was digested with Ndel. This site was filled in by the

Klenow reaction and the linear DNA was isolated by

agarose gel electrophoresis. The linear DNA thus

purified was further digested with the enzyme Pvul, and

the fragment containing the T7 Gene 10 promoter and the

partial sequence of the ampicillin resistance gene vas

isolated by agarose gel electrophoresis. pMTHS was

digested with EcoRI, treated with the enzyme BxoVIl and

the linearized DNA was isolated by agarose gel

electrophoresis. This fragment was then restricted with

Pvul. The large fragment containing the polylinker

sequence, the origin of replication and the 3' section o

the ampicillin resistance gene was isolated by agarose

gel electrophoresis. These two fragments were then

ligated together and transformed into E. coli 294.
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The selection used depended on the regeneration of the
ampicillin resistance gene. Clones were screened by
digesting plasmid DNA with XmnI, cleaving at a site
unique to the pRRT7J3UO-18 DNA, and with HindHI, cleaving
at a unique site in the pMTllS DNA. The plasmid
PRRT7PT10-XU2 was isolated from this screen (Figure 18)

jous Genes using T7 fiinni Q
Express ion of other Heterol*

Plasmid System

lm C1°ninq MU alDha '2 £S£S£fgron gene un«w TTgip contro]
The murine alpha-2 interferon gene can be obtained by
standard methods, e.g. by digesting a plasmid
containing it (Shaw et al., 1983). we obtained it by
digesting a plasmid designated pTRG305-l (provided by
R. Greenberg, Schering Corp.) with the enzymes Aval
and EcoRI followed by a Klenow reaction. The DNA
containing the murine alpha-2 interferon gene region
was isolated by agarose gel electrophoresis as an
approximately 1550 b.p. fragment. PRRT7J7-Xu2 was
digested with Smal and then treated with calf
intestinal alkaline phosphatase. The linear DNA was
isolated by agarose gel electrophoresis. The DNA
fragment containing murine alpha-2 interferon was
ligated with this DNA and transformed into E, .coU
294. Cloned plasmid DNAs were screened by digestion
with the enzyme Bglli. The size of the fragments
observed by agarose gel electrophoresis established
both the presence of the murine alpha-2 interferon
gene and the orientation of the gene with respect to
the T7 Gene 10 promoter. pRRT7plo-Ma2-l was
identified in this way (Fig. 19).

PRRB20 and pRRTjriO-2-1 were digested with the enzymes
Clal and Hindlli. prrb20 was further treated with
calf intestinal alkaline phosphatase. The appropriate
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fragments were then isolated by agarose gel

electrophoresis and the DNAs were ligated and

transformed into E_. coli D1210. Clones were screened

by digesting with Clal and Hind III, and clones that

yielded a 1700 bp fragment were selected for further

experimentation. The clone chosen to test for

expression of the murine alpha-2 interferon gene was

designated pRRB-20MIF-215 (Fig. 21). Upon induction

with IPTG, this clone produced approximately 60 , 000

units/ml of murine alpha-2 interferon.

Cloning of Murine IL-3 gene under T7GT10 Control

The murine interleukin-3 (IL-3) gene can be obtained

by standard methods (Yokota et al. r 1984) and can then

be cloned into the pRRB20 following essentially the

same strategy as was used to clone the murine alpha-2

IFN gene. We obtained a 470 b.p. fragment containing

the murine IL-3 gene by digesting a plasmid designated

pTRP-Cll (provided by G. Zurawski, DNAX Research

Institute, Palo Alto, California) with Clal, filling

the site in with the Klenow enzyme and then digesting

further with Hindlll restriction enzyme. The fragment

containing the murine IL-3 gene was then cloned into

pRR(J10-XO2, which had been digested with the enzymes

Smal and Hindlll. The clones were screened by

digesting with Clal for which a digestion site is

present in the T7 DNA segment and with Ncol which is

located in the 3' prime end of the IL-3 DNA

fragment. From this screen, pRR01O-IL-31 was isolated

and characterized (Fig. 20). The fragment containing

the T7 Gene 10 promoter and IL-3 DNA was then cloned

into pRRB20 in the same manner as described above for

the murine alpha-2 interferon gene (by using a

combined Clal/Hindlll digestion of each plasmid,

isolating the appropriate linear DNAs by agarose gel
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electrophoresis and the., ligating the T7J710-IL-3 gene
fragment with the pRRB20 vehicle and transforming it
into E. con D1210). The clones isolated were
screened by digesting plasmid DNA with the restriction
enzymes Ncol and BamHI. A clone containing pRR20lL-33
was isolated from this screen (Pig. 21).

Expression was confirmed by lysis of induced cultures
of this clone and analysis of the products on SDS-
POlyacrylamide gel, a band running at the molecular
weight range of mu IL-3 was observed.
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TABLE 1

Production of Alpha-2 Interferon by pRRB20 by

inducing T7 RNA Polymerase Expression With IPTG

Alpha-2 IFU/ml Klett Unit*

Post- induction

Sample Time (Hrs.) +IPTG** -IPTG

0 6.6 8.3

1 23.6 5.0

2 29.6 5.7

3 42.1 7.7

4 58.5 2.7

5 69.6 1.8

6 72.7 1.8

*Average of three samples.

**IPTG added to a final concentration of 5mM.
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TABLE 2

Dduction of alpha-2 intorfaron in R , nn , < strains
harboring PRRB20iF-23 upon induction with IPTG

Strain

E.c. D1210

Post-induction

Sample Time (hrs.)

IFU/fal Klett Ohit*

(+) IPTG {5aM

40.0

32.0

129.0

222.2

578.3

(-) IPTG

40.0

22.0

16.0

13.0

15.4

0

2

4

6

20

0

2

6

25.0 25.0

80.0 23.8
E ' C

- 158791
4 105.8 18 . 9

370.4 17.3
20 213.3 6.8

*Average of three samples
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Tfrble 3

Production of alpha-2 Interferon in E. ooli D1210

harboring pRRB20CIF-2 or pKRB20CIF-ll upon Induction

with IPTG

Post-induction

Sample Time (hrs)

PRRB20CIP-2

0

1

2

4

6

20

IFU/frd. Klett Unit

+IPTG(5mM) IPTG

5.6

14.2

35.7

288.6

297.6

240.0

5.6

10.7

17.2

41.0

83.3

4.2

0 3.4 3.4

1 34.8 28.6

pKEB20CIF-ll 2 S7.1 52.6

4 147.4 90.0

6 448.0 123.0

20 290.9 78.6
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CLAIMS ;

1. a method of producing a heterologous

polypeptide in an appropriate host, comprising culturing,

under suitable conditions that favor the expression of

the heterologous polypeptide, host cells which contain a

recombinant plasmid vector that comprises a compatible

inducible promoter region which is followed by and is in

the same transcriptional direction as the bacteriophage

T7 RNA polymerase gene; and further which contain a

bacteriophage T7 promoter region which is followed by and

is in the same transcriptional direction as a structural

DNA sequence which specifies said heterologous

polypeptide; wherein said T7 promoter region and

structural DNA sequence are on the above-mentioned

recombinant plasmid vector or on a second recombinant

plasmid vector.

2, A method of producing a heterologous

polypeptide in an appropriate host, comprising culturing r

under suitable conditions that favor the expression of

the heterologous polypeptide, host cells which contain

one or more copies each of:

a) a first recombinant plasmid vector that

comprises a compatible inducible promoter

region which is followed by and is in the

same transcriptional direction as the

bacteriophage T7 RNA polymerase gene; and

b) a second recombinant plasmid vector that

comprises a bacteriophage T7 promoter region

which is followed by and is in the same

transcriptional direction as a structural

DNA sequence which specifies said

heterologous polypeptide.
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3. A method for producing a heterologous
polypeptide in an appropriate host, comprising culturing
under suitable conditions that favor the expression of
the heterologous polypeptide, host cells which contain
one or more copies of a recombinant plasmid vector, said
vector comprising:

a) a compatible inducible promoter region which
is followed by and is in the same
transcriptional direction as the
bacteriophage T7 RNA polymerase gene; and

b) a bacteriophage T7 promoter region which is
followed by and is in the same
transcriptional direction as a structural
DNA sequence coding for said heterologous
polypeptide.

4. A method as claimed in claim 3 wherein said
bacteriophage T7 promoter region is oriented in the
recombinant plasmid vector in the direction opposite to
the direction required to transcribe the bacteriophage T7
RNA polymerase gene.

5. A method as claimed in claims 1 to 4 wherein
the host is a bacterium, e.g. E. coli .

6. A DNA fragment which comprises a bacteriophage
T7 promoter region which is coupled to and is in the same
transcriptional direction as a structural DNA sequence
which specifies a desired polypeptide, especially when
contained in a recombinant plasmid vector which is
suitable for transformation into a host bacterial cell.
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7. A DNA fragment which comprises:

a) an inducible promoter region which is

coupled to and is in the same

transcriptional direction as the

bacteriophage T7 RNA polymerase gene; and

b) a bacteriophage T7 promoter region which is

followed by and is in the same

transcriptional direction as a structural

DNA sequence which specifies a desired

polypeptide;

especially when contained in a recombinant plasmid vector

which is suitable for transformation into a bacterial

host cell.

8. A DNA fragment as claimed in claim 7 wherein

said bacteriophage T7 promoter region is oriented in the

recombinant plasmid vector in the direction opposite to

that required to transcribe the bacteriophage T7 RNA

polymerase gene.

9. A DNA fragment as claimed in claim 7 wherein

said bacteriophage T7 promoter region is oriented in the

recombinant plasmid vector in the same direction as that

required to transcribe the bacteriophage T7 RNA

polymerase gene.

10. A transformed host cell, especially a

bacterium, which comprises at least one copy of a

recombinant plasmid vector, said vector comprising a

bacteriophage T7 promoter region which is coupled to and

is in the same transcriptional direction as a structural

DNA sequence which specifies a desired polypeptide, and

which in addition preferably comprises at least one copy

of a second recombinant plasmid vector, said vector
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comprising a compatible inducible promoter region which
is coupled to and is in the same transcriptional
direction as the bacteriophage T7 rna polymerase gene.

11. A transformed host, especially a bacterium,
which comprises at least one copy of a recombinant
plasmid vector, said vector comprising:

a) a compatible inducible promoter region which
is followed by and is in the same
transcriptional direction as the
bacteriophage T7 RNA polymerase gene; and

b) a bacteriophage T7 promoter region which is
followed by and is in the same
transcriptional direction as a structural
DNA sequence whicn specifies a desired
polypeptide.

12. A transformed host as claimed in claim 11
wherein said bacteriophage T7 promoter region present in
the recombinant plasmid vector is oriented in the
direction opposite to the direction required to
transcribe the bacteriophage T7 RNA polymerase gene which
is also present i:i __d vector.

13. A recombinant plasmid vector comprising a
bacteriophage T7 promoter region and, directly downstream
thereof, at least one restriction site for insertion of a
structural DNA sequence specifying a desired polypeptide.

i
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CLONING OF T7 Gene 2

FIG. 5



01 78863

DIAGRAM OF pRR-2T7-35
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FIG 16: CONSTRUCTION OF pRR20CIF-2
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FIG 18: CONSTRUCTION OF pRRT701O-XU2
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FIG 21: CONSTRUCTION OFpRRB20IL-33 & pRRB20MIF-215
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